Three Methocel methylcellulose ethers of 1.9 degree of substitution with
The purpose of this study was to determine, using a sensitive radiotracer method, the biodegradability of several methylcelluloses by activated sludge. The biochemical oxygen demand (20-day) test (1) failed to show biodegradation of the Methocel (The Dow Chemical Co., Midland, Mich.) brand products.
Small amounts of biological degradation of methylcellulose and similar compounds have been reported. Freeman et al. (2) observed a 93% decrease in viscosity of solutions of methylethylcellulose due to the growth of bacteria normally present in the manufactured product. Siu et al. (9) found minor (8%) weight losses in 9 to 10 days after inoculating 5,000 gg of methylcellulose solutions per ml with a cellulose-degrading fungus. Reese et al. (6) noted a slight hydrolysis of methylcellulose solutions by incubation with certain organisms for 30 days, but concluded that methylcellulose, with the high degree of substitution (DS) required for water solubility, is usually resistant to microbial attack. Reese (7), Savage (8) Thin-layer chromatography (TLC), as given below, indicated that 99.4% of the product was polymeric. The properties of the methylcelluloses are given in Table 1 . This table and later discussions in this paper use two definitions familiar to cellulose chemists. The DS is the average number of substituent groups attached to the ring hydroxyls of the anhydroglucose units of the cellulose. The maximum DS possible is three. The degree of polymerization (DP) represents the average number of anhydroglucose units per polymer chain.
Settled sludge (at about 2% solids) was obtained from the Dow Chemical Co., Midland, Mich., General Wastewater Treatment Plant. A 500-ml portion was placed in a 2-liter cylinder. The volume was brought to 1.7 liters with the simultaneous addition of the 14C-labeled compound (to give 16.2, 28.3, and 25.7 mg/liter for MC 4000, MC 100, and MC 25, respectively) and dechlorinated water containing 1 ml of each of the standard biochemical oxygen demand nutrients per liter (1). The cylinder was aerated with C02-free air at 50 to 100 ml/min through a fritted glass bottom. Air from the cylinder, containing respired 14CO2, was passed through two traps in series. Each trap was filled with 15 ml of 40% monoethanolamine in 2-methoxyethanol (vol/vol). The contents were collected, assayed, and replaced periodically. Samples were prepared for liquid scintillation counting by mixing 3 ml with 6 ml of Econo- fluor scintillator (New England Nuclear Corp., Boston, Mass.) and 9 ml of methanol. Mixed liquor samples were withdrawn by syringe. To each 10-ml sample was added 0.5 ml of Formalin (37% formaldehyde by weight). Mixed liquor samples (0.3 ml) were combusted with a Harvey biological material oxidizer (R. J. Harvey Instrument Co., Hillsdale, N.J.) and then assayed by liquid scintillation counting. The mixed liquor volatile solids (MLVS) was and Dextran 20 (a polysaccharide with molecular weight = 14,500, from Pharmacia, Uppsala, Sweden). Plates were prepared, developed, exposed to I2 vapor, examined under ultraviolet light and marked off into 9 or 10 horizontal zones. Each zone was scraped into a counting vial, covered with liquid scintillator, and assayed. The results were converted into percentage recovery on the plate and a percentage distribution by zone.
RESULTS
These radiotracer studies with Methocel MC 4000, MC 100, and MC 25 methylcellulose demonstrated, respectively, 73, 54, and 24% conversion of the radioactivity into 14CO2 in 20 days. The supernatant liquids retained 17, 21, and 24%, respectively. Radioactivity in the suspended solids accounted for 14, 11, and 21%, respectively. The biodegradation of MC 4000 is shown in detail in Fig. 1 and Table 2 .
The degradation rates found were slow. There was a gradual rate increase as seen in the evolution rate of 14CO2 through 7 to 9 days (Fig. 2) Non-methylcellulose compounds were present in the MC 4000 supernatant liquid as determined by TLC (Table 3) . Radioactive materials at R's of about 0.2 (x) and 0.5 (y) were already present in the 1-day sample. They were the predominate (80%) form of radioactive material in solution by 12 days. By 20 days there was only 4% of the original radioactivity remaining in solution as polymer (the supernatant liquid had 17% of the original radioactivity of which 23% was polymer by TLC).
DISCUSSION
The generally slow degradation rates observed for these methyl ethers are consistent with observations on the effects of DS on enzyme functioning. Reese et al. (6) found that the DS has a decided effect on enzymatic hydrolysis of water-soluble cellulose derivatives as measured by the production of reducing compounds, and that methylcellulose has the resistance anticipated for compounds of DS over one.
The curves of Fig. 2 We believe that most of the large conversion of radioactivity to "4CO2 was by total degradation of the polymer. Possibly, some of the degradation might be via detachment of the [14C]methyl groups from the polymer. Since this would lower the DS, it would be expected to increase the biodegradability. However, at- [10] ) of 2% unsubstituted, 28% monomethyl (mainly 6-0-methyl), 49% dimethyl (mainly 2,6-0-methyl and 3,6-0-methyl), and 21% trimethyl (2,3,6-0-methyl). The observed result of 73% converted to 14CO2 required considerable breaking of bonds between units with all degrees of substitution. It also required utilization of most of the released, substituted glucose molecules.
Thus, methylcellulose is slowly biodegradable. In these experiments it was 96% degraded or otherwise removed from solution in 20 days by activated sludge.
